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(54) I.C. engine exhaust back pressure 
control 

(57) An actuator 3 moves a valve 2 from 
a fully open inoperative position to an 
operative position in which it restricts 
the exhaust passageway 2 in response 
to manifold vacuum above the 
diaphragm 5. In the operative position a 
coil spring 8 urges the valve to close the 
exhaust passageway againstthe 
pressure of exhaust gases so that the 
back pressure increases with increasing 
exhaustflow. Manifold vacuum acts 
through a constriction 6a for a period or 
until the engine reaches a 
predetermined temperature after 
engine starting and then atmospheric 
pressure is communicated to the 
actuator above the diaphragm. The 
valve 2 reduces the warm-up time and 
the hydrocarbon emissions during 
warming-up. 



FIG. 1. 




The drawing (s) originally filed was (were) informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Exhaust system for internal combustion engine 

5 This invention relates to exhaust systems for internal 
combustion engines, especially spark ignition in- 
ternal combustion engines. 

It is known to provide valve means which close one 
of two branches of an exhaust system, so as to divert 

1 0 the exhaust gas through a bypass to the other branch 
during cold engine starts. 

It is also known to provide valve means which re- 
stricts the exhaust passageway by varying amounts, 
the valve means being arranged so that opening is 

1 5 greater for greater steady values of the pressure of 
the exhaust gases. Such self-regulating valves are 
described for example in U.K. Patent Specification 
Nos. 1 043 865 and 1 063 091 . 
The invention provides an exhaust system for an 

20 internal combustion engine which comprises valve 
means which in an operative position restricts the ex- 
haust passageway by varying amounts, the valve 
means being arranged so thatthe opening is greater 
for greater steady values of the pressure of the ex- 

25 haust gases, and an actuator which is capable of 
moving the valve means to an inoperative position in 
which It remains with the exhaust passageway fully 
open. 

The controlled increase of back pressure results in 

30 increased retention of hot exhaust gases in the cylin- 
der after each combustion stroke, permitting quicker 
engine warm-up times to be achieved and reduced 
hydrocarbon emissions to be obtained. Unlike the 
prior arrangements, the valve means can be moved 

35 when desired to an inoperative position. Thus, the 
valve means may be moved from its operative to its 
inoperative position in response to sensing engine 
temperature or after a predetermined length of time 
afterthe engine has been started. In this way, the 

40 characteristic of the self-regulation can be chosen to 
be particularly suitablefor engine warm-up whereas 
the prior arrangements must choose a compromise 
between ideal self-regulation for warm-up and ideal 
self-regulation thereafter. 

45 Advantageously, the actuator moves the valve 
means to an operative position in response to the de- 
pression of the engine induction system. Preferably, 
the actuator can be subject to atmospheric pressure 
to move the valve means to its inoperative position. It 

50 will be understood howeverthat the actuator will 
also move the valve means to its inoperative position 
in response to sudden f al I in engine depression, eg 
when full acceleration is demanded. 
Advantageously, there is provided a delay valve 

55 for delaying the movement of the valve means to in 
its inoperative position in response to removal of the 
depression of the engine induction system. Such a 
sudden increase could result from a sudden acceler- 
ation, and the delay means maintains the back- 

60 pressure for a delay period to minimise hydrocarbon 
emissions. 

The valve means may be connected to a member 
of the actuator (for example a diaphragm) movable 
against resilient means by means of the depression 
65 in the engine induction system, in orderto be mov- 



able between its operative and inoperative positions. 
The connection may be via a linkage, and the spring 
rate may be chosen so thatthe opening of the valve 
means in its operative position according to the pres- 

70 sure of the exhaust gases is effected simply by 

means of the varying depression (which is related to 
the varying exhaust gas pressure) in the engine in- 
duction system. Alternatively, the valve means may 
be connected to the member movable by means of 

75 the engine depression by means of further resilient 
means, and in this case, the controlled opening of the 
valve means i n its operative position may be by 
virtue of the pressure of exhaust gases deflecting the 
valve means against thefurther resilient means. 

80 The invention is particularly suitable for a spark 
ignition engine. 

An exhaust system for a spark ignition internal 
combustion engine having valve means for restrict- 
ing the passageway will now be described, by way of 

85 example, with reference to the accompanying 
drawings, in which: 

Figure 7 is an axial cross-section of the part of the 
exhaust system containing the valve means; 
Figure 2 is a graph showing the effect of the valve 

90 means on hydrocarbon emissions during typical 
vehicle road load maintained conditions; and 

Figure 3 is a graph showing the effect of the valve 
means on the rate of rise of engine temperature. 
Referring to the drawings, a length of the exhaust 
95 system 1 contains a butterfly valve 2 which is mov- 
able between an operative position in which it part- 
ially closes the exhaust passageway and an inoperat- 
ive position in which the passageway is fully open, 
by means of an actuation means indicated generally 

100 by the reference numeral 3. 

The actuation means 3 has a housing 4 divided by a 
flexible diaphragm 5. The lower side of the dia- 
phragm (as seen in Figure 1 ) is su bject to atmosphe- 
ric pressure, whereas the upper side can be connec- 

105 ted via integral pipe 6 either with manifold depres- 
sion (by means which are not shown) or with atmos- 
pheric pressure. As seen in Figure 1 , pipe 6 is in com- 
munication with manifold depression and dia- 
phragm 5 is sucked up with the top of the housing 

110 against a return spring 7. If the pipe 6 is vented to 
atmosphere, the diaphragm 5 would descend to a 
lower position undertheforce of the spring, 

The butterfly valve 2 is connected to the diaphragm 
via a mechanical linkage and via resilient means in 

1 1 5 theform of coil spring 8. Spindle 9 of butterfly valve 
is secured to link 10 which is in turn secured to tube 
11 via link12.Tube 1 1 isturned overat its upperend 
to form a seat for one end of coil spring 8. The other 
end of coil spring 8 seats on abutment 13 which ex- 

120 tendsfrom rod 1 4 connected at its upper end to dia- 
phragm 5. 

Consequently, with the diaphragm 5 in the illustra- 
ted position, the butterfly valve 2 is inthesolidline 
position in which it nearly closes the exhaust pas- 

1 25 sage way. However, the valve 2 can resiliently deflec- 
ted from that position by the pressure of exhaust gas 
upstream of the valve, against theforce of the coil 
spring 8. The diaphragm 5, the rod 1 4 and the abut- 
ment 13 remain in the illustrated position, but the 

130 tube 1 1 can move downwards guided by guide 15 
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against the coil spring 8, and the butterfly valve can 
move to a partly closed position such as the broken- 
line position illustrated. The valve is arranged and 
shaped so that it cannot completely closethe exhaust 
5 passageway, a small gap being left between the pas- 
sageway at the top and sides of the valve when the 
bottom of the valve is in contact with the passage- 
way. The valve may remain in this position when the 
engine is idling, as the backpressure may then be In- 

1 0 sufficient to deflect the valve againstthe spring. 
When the diaphragm 5 returns to its unstressed 
position, the rod 1 4 descends, the abutment 1 3 acting 
directly on the turned-in bottom of the tube 1 1, until 
the butterfly valve is in the horizontal fully open in- 

1 5 operative position shown by a dashed and dotted 
line. While the butterfly valve is free in this position to 
pivot in an anticlockwise direction a gainst the force 
of the spring 8, the exhaust gas will not exert any 
steady force on it and so the valve will remain in this 

20 position. 

A timer (not shown) is provided which after a pred- 
etermined time period breaks the connection of the 
pipe6tothe inlet manifold, connecting it instead to 
atmospheric pressure. A typical suitable period is 5 

25 minutes. The purpose is to ensurethatthe butterfly 
valve 2 is in the inoperative position when the engine 
has warmed up. As an alternative, the timer could be 
replaced by a temperature sensor sensing engine 
temperature and arranged to interruptthe suction 

30 signal when predetermined engine temperature has 
been reached. 

A delay valve 6a is also provided which may be in 
the form of a constriction in the vacuum connection 
to the pipe 6. 

35 In operation, when the engine is started from cold, 
the butterfly valve 2 is in its operative position. Thus, 
the valve increases the backpressure of the engine, 
since it is being biased by depression 6 and coil spr- 
ing 8 to a position nearly closing the exhaust pas- 

40 sageway. For low steady loads, the valve is opened to 
some extent until there is a balance between the 
forces due to the exhaust pressure and those due to 
the coil spring. The increased back pressure atthe 
engine exhaust manifold has two consequences. 

45 First, less exhaust gas escapes from the cylinders 
on the exhaust stroke, and the retained exhaust gas 
results in heat being retained in the engine. Second, 
the last part of the gases to escape on the exhaust 
stroke are typically those with the highest concentra- 

50 tion of unburnt hydrocarbons. Consequently, this 
part is retained in the cylinder and at least some of it 
combusts on the next combustion stroke. It follows 
that hydrocarbon emissions are reduced with the 
valve means of the invention. 

55 The increased backpressure and advantages re- 
sulting therefrom are maintained at higher road 
loads, the valve opening gradually for increased 
steady exhaust gas pressures to establish a balance 
between the forces due to the backpressure and 

60 those due to the spring. 

During transient accelerations, the inlet manifold 
depression becomes less because the engine throttle 
has been opened. Although the depression is re- 
sponsibleto maintaining the butterfly valve 2 in its 

65 operative position, the valve does not move im- 



mediately to its inoperative position because of the 
delay valve 6a in the connection to the pipe 6. Be- 
cause of the delay valve, the loss of suction isgradual 
(of the order of a second), and the backpressure is 

70 initially maintained. The valve gradually moves to its 
inoperative position in the interests of obtaining f u II 
power from the engine. 

When theengine has warmed up, the depression 
signal to the actuation means is interrupted, and the 

75 valve is moved to its inoperative fully open position. 
Figure 3 is a graph of coolanttemperature and time 
for an enginefitted with an exhaust system accord- 
ing to the invention in a particu lar vehicle, the full line 
referring to when the butterfly valve 2 is in operation, 

80 the broken line to when the butterfly valve is not in 
operation. Itwill beobserved thatthe timeforwarm- 
upto 60°C is reduced from about 3 minutes to about 2 
minutes. 

Figure 2 (lines A and B) is a graph of hydrocarbon 

85 content in parts per million against road load in 
m.p.h. obtained from a vehiclethe engine of which 
wasfitted with an exhaust system according to the 
invention. The vehicle was progressively accelerated 
on flat ground so that, at each steady vehicle speed, 

90 the engine load was the minimum needed to over- 
come rolling resistance, aerodynamic resistance and 
all other losses (that is the engine load was equal to 
the so-called "road load"). Line Ashows the hydro- 
carbon emissions when the butterfly valve 2 is in- 
95 operative and line B shows the emissions when the 
butterfly vaive is operative. It wil I be observed that 
the emissions are reduced with the valve operative at 
all road loads. Line C shows the exhaust back- 
pressure in inches of mercury against road load in 

100 m.p.h. 

Various modifications are of course possible 
without departing from the scope of the invention. 
Thus, for example, the spring 8 may be omitted and 
the butterfly valve 2 can be connected directly by 

105 means of a linkage to thediaphragm 5. By choosing a 
spring 7 of appropriate rate, the valve may be con- 
trolled by the depression above the diaphragm and 
the spring 7 alone. Thus, at idling, the valve 2 closes 
the exhaust passageway. As the load increases, the 

110 valve 2 is again progressively opened in accordance 
with steady exhaust gas pressure, since the exhaust 
gas pressure is directly related to manifold depres- 
sion, and the position of the valve 2 depends on man- 
ifold depression. Fortransient accelerations, there 

115 will again be a delay between the acceleration and 
reduction in engine suction and the movement of the 
valve2 (hence maintaining backpressure) due to the 
delay valve 6a1n the inlet manifold connection to the 
pipe 6. Finally, the valve 2 will be moved to thein- 

120 operative position in the same way ifthepipe6is 
ventedto atmosphere. 

Also, the period for which the delay valve delays 
the effect on the actuator of pressu re changes may be 
variable: for example, it might be arranged to reduce 

1 25 progressively over the warm-up time. The full delay 
would apply when the engine was started, and the 
delay would be reduced as the engine warmed up. 
This would ensure progressive performance restora- 
tion. 
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1 . An exhaust system for an internal combustion 
engine which comprisesvalve meanswhich in an op- 

5 erative position restricts the exhaust passageway by 
varying amounts, the valve means being arranged so 
that the opening is greater for greater steady values 
of the pressure of the exhaust gases, and an actuator 
which iscapable of moving the valve means to an 

1 0 inoperative position in which it remains with the ex- 
haust passageway fully open. 

2. An exhaust system as claimed in claim 1 , 
wherein the actuator moves the valve means to an 
operative position in response to the depression of 

15 the engine induction system. 

3. An exhaust system as claimed in claim 2, 
wherein the actuator moves the valve mea ns to the 
inoperative position in response to connection to 
atmospheric pressure. 

20 4. An exhaustsystem as claimed in claim 2 or 
claim 3, wherein there is provided a delay valve for 
delaying the movement of the valve means to its in- 
operative position in response to removal of the dep- 
ression of the engine induction system. 

25 5. An exhaustsystem as claimed in claim 4, 
wherein the delay means comprises a constriction in 
a connection of the actuatorto the engine induction 
system. 

6. An exahust system as cl aimed in any one of 
30 claims 1 to 5, wherein the valve means is in its operat- 
ive position urged by resilient means in a direction to 
restrict the passageway, and the valve means is 
arranged to open against the resilient means dueto 
the pressure of the exhaust gases. 
35 7. An exhaust system as claimed i n any one of 
claims 1 to 6, wherein the valve means is moved from 
its operative to its inoperative position when the en- 
gine temperature reaches a predetermined value. 

8. An exhaustsystem as claimed in any one of 
40 claims 1 to 6, wherein the valve means is moved from 

its operative to its inoperative position after a pred- 
etermined timef rom starting the engine. 

9. An exhaustsystem as claimed in any one of 
claims 1 to 8, wherein the valve means is a butterfly 

45 valve. 

1 0. An exhaustsystem substantially as here- 
inbefore described with reference to the accompany- 
ing drawings. 

11. An internal combustion engine fitted with an 
50 exhaust system as claimed in any one of claims 1 to 

10. 
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